The KL decomposition uses an orthogonal base formed by the eigenvectors E of the covariance kernel C. The λ are the corresponding eigenvalues. Here, E is a matrix with eigenvector φ as columns and λ 1/2 is a diagonal matrix with the square root of the corresponding eigenvalues.
There exists a family of representation of a random process. They all have the same covariance C, but use different bases. [ 
Three-Dimensional Discrete Dynamical System and corresponding Covariance Kernel ( )
3D Helmoltz equation

Conclusion
Connection was made between discrete dynamical systems that reflect physical phenomena and are intuitively easy to apprehend, and covariance kernels of random processes that are often picked out of the "hat".
The covariance kernel is the solution of a continuous PDE associated with the dynamical system and obtained by taking the limit.
Once the covariance kernel is known, the Karhunen-Loeve representation is optimal in the sense that the mean-square error resulting from a finite-term representation of the process is minimized. 
